Background: Rhinoviruses (RVs) may cause pneumonia, but the characteristics of RV-associated pneumonia have not been adequately evaluated. Objective: We aimed to compare characteristics, complications, and outcomes between severe RV-and influenza virus (IFV)-associated pneumonia in adults. Study design: We used prospective cohort data of adult patients with severe pneumonia who had been admitted to the medical intensive care unit of a tertiary care hospital over a 4-year period. The clinical features and outcomes of 27 patients with RV-positive bronchoscopic bronchoalveolar lavage (BAL) fluid were compared to those of 51 pneumonia patients with IFV-positive BAL fluid or IFV-positive nasopharyngeal specimens. Results: Of 356 patients who underwent bronchoscopic BAL and respiratory virus polymerase chain reaction (PCR), RV was the most commonly identified virus (8.1%) from BAL fluid. Patients with RV-associated pneumonia were more likely to be immunocompromised than patients with IFV-associated pneumonia (81.5% vs. 33.3%, p < 0.001). Bacterial coinfection tended to be less common in the RV group (18.5% vs. 37.3%, p = 0.09). Although septic shock was less common in the RV group (29.6% vs. 54.9%, p = 0.03), other clinical manifestations, laboratory findings, and radiologic patterns were similar between the groups. The 28-day mortality of patients with severe RV-and IFV-associated pneumonia was similarly high (29.6% vs. 35.3% respectively, p = 0.61). Conclusions: Severe RV-associated pneumonia patients were more likely to be immunocompromised and less likely to present septic shock. Overall clinical features were similar and mortalities of both groups were comparably high. Studies of larger cohorts encompassing mild to moderate pneumonia patients are needed.
Background
RV is a non-enveloped, non-segmented single-strand RNA virus of the genus Enterovirus and the family Picornaviridae [1] . In adults, RVs are a predominant etiology of upper respiratory tract infections, also known as 'common colds', and are frequently associated with exacerbation of asthma [2] and COPD [3] . RVs' ability to reach and infect the lower respiratory tract epithelium has been demonstrated recently [4] [5] [6] [7] , and the link between RV and pneumonia has gained recent attention [8] [9] [10] [11] [12] . However, the role of RV in the pathogenesis of pneumonia remains controversial. http://dx.doi.org/10.1016/j.jcv.2014.11.010 1386-6532/© 2014 Elsevier B.V. All rights reserved.
Histopathological examination of lung tissue specimens, including in situ hybridization of RV RNA, would be helpful to establish the role of RVs in pneumonia development. However, such examination is rarely possible in clinical practice. A prior report suggests that RVs infect a small subset of lower airway epithelial cells [7] and activate marked inflammatory responses, rather than directly invade lower airways in the lower respiratory tract epithelium [13] [14] [15] . Therefore, RV detection using bronchoalveolar lavage (BAL) fluid specimens from severe pneumonia patients may be an indirect but meaningful indicator for the pathogenic role of RV. However, clinical data using BAL specimens from unselected adult patients with RV-associated pneumonia are scarce [10, 16, 17] , with some studies investigating small subsets of a retrospective series of respiratory virus infection [16, 17] . The majority of prior studies using BAL specimens were confined to small groups of hematopoietic stem cell transplant patients [12, [18] [19] [20] , which limits our understanding of RV-associated pneumonia.
IFV is the major cause of severe viral pneumonia in adults during the epidemic season, and clinical features, complications, and outcomes of IFV-associated pneumonia have been well documented. Therefore, comparing RV-and IFV-associated pneumonia may help clinicians understand the clinical characteristics of RV-associated pneumonia.
Objectives
The aim of this study was to investigate the clinical and laboratory characteristics, complications, and outcomes of severe RV-associated pneumonia identified by bronchoscopic BAL in adults and to compare them with IFV-associated pneumonia.
Study design

Study design, setting, patient population, and data collection
This study was part of our ongoing prospective observational study regarding severe pneumonia in critically ill adult patients [21] [22] [23] . Since March 2010, all patients ≥16 years of age who were clinically suspected of having severe pneumonia were admitted to a 28-bed medical ICU of the Asan Medical Center, a 2700-bed tertiary care hospital in Seoul, Republic of Korea. Patients were prospectively identified and monitored until the time of discharge or death. The collected data included demographic characteristics, underlying diseases or conditions, symptoms and signs, laboratory test results, radiologic findings, treatment, complications, ICU and hospital lengths of stay, and mortalities. This study was approved by the Asan Medical Center Institutional Review Board. Due to the observational nature of the study, a waiver of the informed consent was allowed.
Patient selection
The current study included severe pneumonia patients with RVor IFV-positive respiratory specimens admitted to the medical ICU between March 2010 and February 2014. For the RV group, only BAL fluid RV polymerase chain reaction (PCR)-positive cases were included. The IFV group included both BAL fluid and nasopharyngeal specimen IFV PCR-positive cases. Cases of mixed RV and IFV infection were excluded from the analysis.
Definitions
Pneumonia was defined and categorized as previously described [24] [25] [26] . Severe pneumonia was defined as the need for mechanical ventilation or septic shock at the time of ICU admission [25] .
Immunocompromised state was defined as previously described [27] .
Bronchoscopic BAL procedure and microbiological evaluation
BAL procedure and microbiological evaluation of the BAL fluid were performed following a previously described standardized protocol [21] [22] [23] . Respiratory virus PCR was performed by multiplex reverse-transcription PCR assay using the Seeplex RV 15 ACE Detection kit (Seegene Inc., Seoul, Korea). This kit simultaneously detects all RV species including RV groups A, B, and C; IFV A and B; adenovirus, parainfluenza virus types 1, 2, 3, and 4; respiratory syncytial virus types A and B; human metapneumovirus; enterovirus; human coronaviruses OC43/HKU1; human coronaviruses 229E/NL63; and bocavirus. The primers were targeted to the 5 -noncoding region and designed to distinguish between RV and enterovirus.
Statistical analysis
Demographic, clinical, and laboratory parameters were compared between RV patients and IFV patients. Categorical variables were compared by chi-square or Fisher's exact test, and continuous variables were compared by Student's t-test or Mann-Whitney U test. P values of <0.05 were considered statistically significant. All analyses were performed using SPSS version 21.0 (SPSS, Chicago, IL). ). In addition to 20 IFV-positive cases identified by BAL fluid, 36 IFV-positive cases with severe pneumonia were identified by nasopharyngeal specimen. After excluding the patients who were PCR-positive for both RV and IFV, we included 27 severe RV-associated pneumonia patients and 51 severe IFVassociated pneumonia patients (45 IFV A and 9 IFV B) in our analysis.
Results
Study population
Demographics, underlying diseases/conditions, and category of pneumonia
The demographic, underlying diseases/conditions, and category of pneumonia are summarized in Table 1 . The proportion of male patients was higher in the RV group than in the IFV group (77.8% vs. 54.9%, p = 0.047). The median ages of the RV group patients and the IFV group patients were 66.0 years and 62.0 years, respectively. Structural lung disease, hematologic malignancy, and diabetes mellitus were the most common underlying diseases in both groups. Of these, hematologic malignancy was significantly more common in the RV group (40.7% vs. 13.7%, p = 0.007). A greater proportion of RV patients were immunocompromised (81.5% vs. 33.3%, p < 0.001) and current smokers (14.8% vs. 1.9%, p = 0.04). CAP was significantly more common in the IFV group (11.1% vs. 37.3%, p = 0.02), and HCAP was more common in the RV group (55.6% vs. 31.4%, p = 0.04).
The characteristics of five RV patients who were not immunocompromised are summarized in Table 2 . Of these patients, two had underlying COPD. Another two patients were 70 years old and 81 years old, respectively, and neither had remarkable underlying disease, history of hospitalization, or identifiable copathogens. The last patient had underlying diabetes mellitus and had undergone recent esophageal surgery. RV was co-identified with respiratory syncytial virus A and Acinetobacter baumannii in this patient. Table 3 shows the co-pathogens identified with RV and IFV. Twelve of the RV patients (44.4%) and 26 (51.0%) of the IFV patients had one or more other respiratory pathogens identified from either BAL fluid or other specimens. Viral coinfection tended to be more common in the RV group (29.6% vs. 11.8%, p = 0.07) and bacterial coinfection tended to be more common in the IFV group (18.5% vs. 39.3%, p = 0.09). Cytomegalovirus (n = 4) and respiratory syncytial virus (n = 4) were the most common viral co-pathogens for the RV and IFV groups, respectively. Staphylococcus aureus was the most frequent bacterial co-pathogen (n = 7), followed by A. baumannii (n = 5) and Streptococcus pneumoniae (n = 5). S. aureus was found in the IFV group only (0% vs. 13.7%, p = 0.09) and P. jirovecii was found in the RV group only (14.8% vs. 0%, p = 0.01).
Co-pathogens identified
Clinical manifestations, laboratory findings, radiological findings, and seasonality
Clinical, laboratory, and radiologic characteristics are compared in Table 4 . Dyspnea, sputum, and fever were the most common symptoms in both groups. Cough tended to be less common in the RV group (66.7% vs. 84.3%, p = 0.07). Septic shock at the time of ICU admission was significantly more common in the IFV group (29.6% vs. 54.9%, p = 0.03). However, the rate of mechanical ventilation and severity index, measured by APACHE II score and SOFA score, did not differ between the two groups. Bacterial coinfection was significantly associated with septic shock (with bacterial coinfection, 66.7% [16/24] vs. without bacterial coinfection, 37.0% [20/54], p = 0.02). When the analysis was confined to patients without coinfection, the incidence of septic shock at ICU admission was similar between the two groups (RV group, 40.0% [6/15] vs. IFV group, 44.4% [11/25] , p = 0.80).
Peripheral white blood cell counts (WBC), platelet counts, serum C-reactive protein levels, and procalcitonin levels were not significantly different between the two groups. Median total WBC counts and differential counts in the BAL fluid were not significantly different between the groups.
The radiologic patterns of pneumonia were mostly bilateral and often showed diffuse involvement in both groups. Differences in radiologic patterns between the two groups were not significant. Ground-glass opacity (51.9% vs. 33.3%, p = 0.11) and pleural effusion (29.6% vs. 13.7%, p = 0.09) tended to be more common in the RV group. Fig. 2 shows the monthly distribution of RV and IFV cases over 48 months. RV-associated pneumonia occurred sporadically throughout the year whereas IFV-associated pneumonia occurred predominately from December to March. Table 5 summarizes the comparisons of outcomes between the two groups. Median length of ICU stay and the proportion of patients complicated by ventilator-associated pneumonia were similar between the two groups. The 28-day mortality, ICU mortality, and in-hospital mortality were not significantly different between groups. The presence of bacterial coinfection was not associated with increased in-hospital mortality in either the RV group (bacterial coinfection, 60.0% vs. no bacterial coinfection, 54.5%, p = 1.00) or the IFV group (bacterial coinfection, 47.4% vs. no bacterial coinfection, 53.1%, p = 0.69).
Outcomes
Discussion
This study compared the clinical characteristics and outcomes of severe RV-associated pneumonia with those of severe IFVassociated pneumonia. RV-associated pneumonia was commonly associated with an immunocompromised state although about 20% of the RV patients were not immunocompromised. Additionally, the RV-associated patients tended to have more viral coinfections and fewer bacterial coinfections. Despite fewer cases of septic shock at the time of ICU admission in RV-associated pneumonia, clinical and laboratory features and outcomes did not differ between the groups.
A limited number of adult RV-associated pneumonia cases identified by bronchoscopic BAL have been reported previously [10, 12, [16] [17] [18] [19] [20] . The main characteristics of these cases are summarized in supplementary Table 1 . All of the prior reports included small number of cases, most of which, with the exception of a report from a tertiary care hospital in U.S.A [10] , occurred in severely immunocompromised patients. This group retrospectively reviewed clinical features of 20 patients (including three children) who had RV cultured from their BAL over a 10-year period. Twelve (60.0%) needed mechanical ventilation. In-hospital mortality was relatively low (25.0%), which may be due to the lower frequency of severe immunocompromised conditions, such as hematopoietic stem cell transplant, in their patients. Notably, our study included five non-immunocompromised patients, two of which had underlying COPD and one who had undergone recent surgery. Another two elderly patients had no underlying illness or identifiable copathogen, suggesting that RV may be the sole cause of severe pneumonia in non-immunocompromised elderly patients.
Bacterial coinfection is a well-known complication of severe or fatal IFV infection, with reported rates of 18-55% [28] . The two most common bacterial co-pathogens, S. aureus and S. pneumoniae, are common colonizers of the nasopharynx [29] [30] [31] . In the present study, bacterial coinfection tended to be less frequent in the RV group than in the IFV group, and S. aureus was exclusively identified in the IFV group. Bacterial coinfection in influenza infection is likely caused by IFV propagation along the respiratory tree, together with mucociliary clearance impairment and IFV-induced respiratory tract epithelial cell damage [28] . By contrast, RVs involve only a small proportion of epithelial cells in the upper [32] and lower airway epithelium [7] . Therefore, the lower frequency of bacterial coinfection and septic shock may be due to the reduced extent of epithelial damage with RV infection. Since our study used different inclusion criteria for the two groups and included only patients with severe pneumonia admitted to medical ICU, the difference in the bacterial coinfection rate between the groups may have been biased. The proportion of individuals admitted to the ICU because of secondary bacterial pneumonia rather than viral pneumonia may be higher in the IFV group. Bacterial coinfection is a key cause of death in 20th century influenza pandemics [29, 30] , and bacterial coinfection was also associated with an increased risk of death in 2009 pandemic influenza A/H1N1 (pH1N1) [31, 33] . In our results, however, bacterial coinfection was not associated with poorer outcomes in either IFV group or RV group, although the small numbers in our group may limit the generalizability of our findings and warrant further investigation.
Although cough tended to occur more frequently in the IFV group, other respiratory symptoms, laboratory findings, and radiographic findings were indistinguishable between the two groups. Recently, a U.S. group compared the characteristics between 2009 pH1N1 and other respiratory viruses in patients hospitalized with respiratory illness [34] and found that the presence of fever, cough, and gastrointestinal symptoms increased the likelihood of pH1N1 almost 10-fold in the pediatric population. Our study was limited to severe pneumonia patients admitted to the ICU, and more than two-thirds of both groups had respiratory symptoms. Therefore, a symptom-based approach is likely not reliable in differentiating clinical diagnoses among adult patients with severe pneumonia. The seasonal distribution of each respiratory virus and the temporal occurrence of respiratory viral illness in the community may help predict viral pathogens. Nevertheless, PCR tests for respiratory viruses are reliable and should be included for etiological diagnosis in patients with severe pneumonia.
Although septic shock at the time of initial presentation was less common in the RV group than in the IFV group, it was significantly associated with bacterial coinfection. Therefore, the presence of bacterial coinfections may be responsible for more severe manifestations of pneumonia at the time of ICU admission. Nevertheless, mortalities of patients were similarly high in both groups, likely reflecting the more frequent presence of immunocompromised conditions in the RV group. Taken together, our data suggest that host factor is an important contributor to the development of severe RV-associated pneumonia and affects the outcome.
Our study has several limitations. First, protected specimen brushing was not used during the study period, meaning BAL fluid may have been contaminated by upper airway secretions during the bronchoscopic procedure. Second, even in BAL fluid RV PCRpositive cases, RVs might be present as non-pathogenic colonizers. Third, because we did not perform a molecular study for serogrouping and serotyping, the impact of RV species and strains could not be evaluated. Finally, the RV group only included PCR-positive cases from BAL fluid, whereas the IFV group also included PCR-positive cases from nasopharyngeal specimens, indicating a possibility for biases associated with these different inclusion criteria.
In conclusion, severe RV-associated pneumonia patients were more likely to be immunocompromised and less likely to have bacterial coinfection and septic shock compared with patients who had severe IFV-associated pneumonia. However, both groups of pneumonia showed similar clinical and laboratory features and were associated with comparably high mortalities. Since our current study used different inclusion criteria for the two groups and included only severe pneumonia patients admitted to an ICU, further investigations are warranted.
